and biofilm formation -is therefore very important. Current research comprises of great concern as they can cause serious infections and will decrease the 54 functionality of the medical device (2). Therefore, the prevention of bacterial adhesion 55 (6-9) is of great importance as bacterial adhesion to surfaces is the first step in 56 colonization, invasion and biofilm formation (10). One of the best-studied biofilm- 
Materials and methods

93
Cantilever functionalization
94
The gold-coated cantilever-arrays (Fig. 1a) , with eight cantilevers (500µm x 100µm x 95 1 µm) per array, have been purchased from Concentris GmbH, Switzerland. They step as an irregular gold surface can lead to a decrease in cantilever sensitivity (27) .
99
The monosaccharides used in this study, galactose and mannose and the 100 disaccharide lactose, all with an terminal thiol linker (Fig. 1b) (Fig. 1a) .
108
Strains and growth conditions
109
The B. subtilis strains used in this study are presented in and resuspended in the running buffer (100 mM of NaCl, 10 mM of Tris (pH 7), 116 0,005% Tween 20, and 1 mM of CaCl 2 ). Thereby, changes in the ionic strength (due 117 to a buffer change) that might contribute to the deflection signal could be excluded.
118
The bacterial cultures were further diluted to an OD 600 of 0.1 for the experiments. to the cantilever are thereby removed, the deflection signal decreases again to the 175 value representing irreversible binding of bacteria (Fig. 1d) .
176
In a first experiment, we investigated adhesion of B. subtilis NCIB 3610 to gold 177 cantilevers (Fig. 2) . We obtained a significant detection signal for bacterial adhesion type strain to our gold cantilevers (Fig. 2, Table S1 ). While the complete biofilm 187 matrix of NCIB 3610 consists of two proteins as well as an 188 exopolysaccharide produced by the epsA-O operon (11), the mutant strains used in 189 this study lack one of these matrix components, each ( Table 1) .
190
The first mutant strain of NCIB 3610 that we analyzed was a TasA knockout strain.
191
TasA has been reported to be a fiber forming protein present in the biofilm matrix of Carbohydrates reduce adhesion of B. subtilis NCIB 3610 to gold cantilevers 210 We have observed that a mutant strain that is unable to produce an 211 exopolysaccharide bound significantly better to gold cantilevers when compared to 212 wild-type and mutant strains producing this exopolysaccharide (Fig. 2) . This (Fig. 1a) . Functionalization of the different carbohydrates on the gold top surface of the single cantilevers is achieved by 220 installing a terminal thiol (28) on the carbohydrate. The carbohydrates then self-221 assemble on the gold top-side of the single cantilevers and can interact directly with 222 the adhering bacteria (Fig. 1b) . 223 We investigated adhesion of the biofilm forming B. subtilis wild-type strain NCIB 3610 224 to these carbohydrate-coated gold cantilevers (Fig. 3, Table S2 ). We chose the 225 mono-carbohydrates galactose and mannose as they represent sugars that many 226 bacterial species can metabolize, as well as the disaccharide lactose as it represents 227 the sugar often used in food industry. In addition, we were also interested in 228 addressing the question whether bacterial adhesion differs for mono-and 229 disaccharides. Studying the wild-type strain NCIB 3610 we found that adhesion of 230 this strain to the carbohydrate-coated gold cantilevers was further decreased by 23% 231 in comparison to the pure gold cantilevers (Fig. 3b) (Fig. 3c,d) . In summary, our data support the conclusion that adhesion 239 of B. subtilis NCIB 3610 to gold cantilevers is reduced by additional coating of these 240 cantilevers with different carbohydrates.
241
Bacterial adhesion to carbohydrate-coated cantilevers is further reduced in a mutant
242 strain unable to produce an exopolysaccharide.
We had seen that functionalization of gold cantilevers with different mono-and 244 disaccharides resulted in a decrease of the bacterial adhesion (Fig. 3b,c,d) (Fig. 3e) as compared to the wild-type strain (23%) (Fig. 3b) or the 250 two mutant strains TasA and BslA (16 and 15% respectively) (Fig. 3c,d) comparison to the pure gold cantilevers was 40% (Fig. 3f) . This finding supports our carbohydrate-coated gold cantilevers was clearly reduced (Fig. 3) , independent of 284 the carbohydrate studied. The ability of carbohydrates to reduce bacterial adhesion 285 to hydrophobic surfaces has been previously shown for complex glycoproteins such 286 as mucin (6). Mucin is thereby thought to bind via a peptide backbone to hydrophobic 287 surfaces, while hydrophilic oligosaccharide clusters stick out (6, 47). Our approach, 288 reducing bacterial adhesion by coating of gold surfaces with mono-or disaccharides, 289 has similar properties. Firstly, our carbohydrates are bound via thiol-groups to the 290 hydrophobic gold surface, and secondly, mono-and disaccharides are exposed, able 291 to interact with the bacterium. As described for mucin, we observe reduction of 292 bacterial adhesion when we coat our gold cantilevers with these carbohydrates, wild-type strains used in this study. Carbohydrates are depicted as circles, proteins as 509 squares. On the left, the wild-type strain BD630 that is unable to form a proper biofilm matrix 510 is shown, on the right, the wild-type NCIB 3610 is depicted with the main components of its 511 biofilm matrix. Please note that size and distribution of carbohydrates and proteins are not up 512 to scale. b) -f) Attachment profiles (Supporting Table 2 ) of all B. subtilis wild-type and 513 mutant strains used in this study ( Table 1) 
